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In an electric vehicle EV with in-wheel motors, reducing the weight of the motor is a very
important problem in order to improve the driving performance. In this paper, we examine the
lightweight design of an outer-rotor-type multipolar switched reluctance SR motor applied to a
prototype EV. We design three SR motors which have different yoke widths and calculate the motor
characteristics at a steady rotational speed based on a finite element method. We discuss the
optimum relationship between a pole and yoke widths. © 2006 American Institute of Physics.
DOI: 10.1063/1.2172180I. INTRODUCTION
In recent years, the demand for electric motors is in-
creasing more and more in industry and transportation appli-
cations. In the field of cars, the switchover to electric ve-
hicles EVs is being constructed because of the global
warming problems and the exhaustion of fossil fuel.
Permanent magnet PM motors are now widely used in
various applications. The efficiency of PM motors is gener-
ally high because it needs no field current. On the other hand,
the cost is higher than the other motors. In the case of com-
mercial cars, since a rare-earth magnet is required in order to
generate large torque, the cost of such cars tends to be
higher.
Switched reluctance SR motors have doubly salient
pole structure, which are made of only silicon steel and coils.
No permanent magnet is employed. Hence, the SR motor has
desirable features for applying to the EV, such as simple and
robust construction, heat tolerance, and low cost.1 In particu-
lar, the high degree of freedom of shape is favorable to an
EV with in-wheel motors. Because reduction and transmis-
sion gears can be eliminated, high efficiency is expected due
to less transmission loss. In addition, high performance by
controlling each wheel independently will be realized.
In previous works,2,3 we had designed an outer-rotor-
type multipolar SR motor integrated with a wheel and devel-
oped a prototype EV equipped with the in-wheel SR motors.
In this paper, we investigate the lightweight design by the
reduction in the thickness of stator and rotor yoke using a
finite element method FEM in order to improve the driving
performance of the EV.
II. ORIGINAL SR MOTOR APPLYING TO THE
PROTOTYPE EV
Figure 1 shows the prototype EV equipped with the SR
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Figure 2 shows the appearance of the outer rotor and inner
stator. The numbers of stator and rotor poles are 16 and 20,
and the weights of stator and rotor cores are 3.72 and 3.87
kg, respectively. The rotor is united with the wheel. The sta-
tor has windings concentrated around each stator pole. Fig-
ure 3 shows the specifications of the original SR motor. The
core material is nonoriented silicon steel with a lamination
thickness of 0.35 mm. In Fig. 3, let the rotor angle be ,
which is 0 ° when the rotor pole is in aligned position with
respect to the stator pole and which is ±9° in unaligned po-
sition.
III. LIGHTWEIGHT DESIGN AND MOTOR
CHARACTERISTICS
In the case of a stationary state at the position as shown
in Fig. 3, magnetic flux produced by the phase-A windingFIG. 1. Prototype EV equipped with the SR motors and its specifications.
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widths model I.
circuit coupled method.
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possibly reduce the yoke width up to 50% of the pole one.
On the basis of the consideration, we designed three mo-
tors as follows: the structure to reduce the stator and rotor
yoke widths sy and ry up to 50% of each pole one model I,
the structure to reduce both yoke widths up to 45% model
II, and the structure to reduce both yoke widths up to 35%
model III. Figure 4 illustrates the structure of the modified
motor with 50% reduction. In all the models, only the yoke
widths are changed from the original motor.
Figure 5 shows an analytical model of the SR motor. In
order to obtain the motor characteristics at a steady rotational
speed, we employed a magnetic field and electric circuit
coupled analysis based on a two-dimensional time-stepping
FEM. The number of elements of the two-dimensional FEM
model is about 5000. In the motor drive circuit model, tran-
sistors are replaced by ideal switches.
Figure 6 shows the torque versus rotational speed char-
acteristics and the output power characteristics. In these fig-
ures, the solid line denotes the original SR motor and the
symbols denote models I, II, and III SR motors, respectively.
From the figures, it is understood that the rotational speed
and output power characteristics of every motor are nearly
the same.
Figure 7 shows the torque versus phase current charac-
teristics and the efficiency characteristics considering only
copper loss. In the phase current characteristics, the rated
current is 30 A. From the figure, it is understood that the
model I has almost the same rated torque of 25 N m as the
original motor. On the other hand, models II and III need
larger current in order to generate the same torque. There-
fore, the efficiencies of models II and III are low.
FIG. 6. Torque vs rotational speed characteristics left and output power
characteristics right.
FIG. 7. Torque vs phase current characteristics left and efficiency charac-FIG. 2. Appearance of the outer rotor and inner stator.FIG. 3. Specifications of the original SR motor.FIG. 4. Structure of the modified SR motor with 50% reduction of the yokeFIG. 5. Analytical model of SR motor based on a magnetic field and electric
teristics right.
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rent when the motors produce an average torque of about 25
N m. In particular, the high peak current due to the magnetic
saturation of the narrow yoke is recognized in model III.
IV. CONCLUSION
We designed the three outer-rotor-type multipolar SR
motors and compared the characteristics of these motors by
using FEM. The simulation results revealed that the motor
performance does not change even if the yoke width is re-
Downloaded 12 Nov 2008 to 130.34.135.83. Redistribution subject toduced by up to 50% of the pole one. The total core weight of
model I is 4.46 kg, that is, the limit of lightweight design by
the yoke optimization is 40% reduction from the original
motor. It means the possibility to improve the driving perfor-
mance of the EV.
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